It is well-known that marked changes may occur in the blood proteins in many diseases, and these changes have usually been expressed as variations in the albumin to globulin (A/G) ratio. In 1937, Tiselius ( 1 ) showed by means of the electrophoresis technic that at least 3 distinctly different globulins can be distinguished in serum, and later work (2) made it possible to measure them quantitatively from their electrophoretic diagrams. Furthermore, it has been shown that the relative amounts of these different protein components vary considerably in different diseases. For example, various pathological sera and plasmas were studied with this technic by Longsworth, Shedlovsky and MacInnes (3); pneumonia sera, by Blix (4) ; sarcoidosis, by Fisher and Davis (5) , and also by Seibert and Nelson (6) ; disseminated lupus erythematosus, by Coburn and Moore (7) ; multiple myeloma, by Kekwick (8) , and also Gutman et al (9) ; tuberculosis, by Seibert and Nelson (6) ; malaria, by Dole and Kendall (10) ; rheumatic fever, by Dole, Watson and Rothbard (11) , and also by Rutstein, Clarke and Taran (12) , and many other diseases.
In certain cases, extra specific serum components (2, 13) with mobilities different from those of the normal globulins appear. Such components have frequently been shown to be antibodies. In most cases, however, increases in the components with normal globulin mobilities occur, indicating an increase in the amount of the normal proteins or the presence of an additional substance such as another protein, lipoid (14) , carbohydrate (15, 14) , etc., having a similar mobility as, or attached to the normal protein. Thus , apparently similar changes, and therefore similar patterns, may be seen in different diseases, reflecting similar 'Aided by a grant from the Committee on Medical Research of the National Tuberculosis Association, and also by chemical assistance from the Tuberculosis Control Division of the United States Public Health Service. physiological disturbances; but they may also, on the other hand, be due to specific causes. However, if sufficient other supporting data are available, the electrophoretic patterns may become very useful in confirming a diagnosis, and certainly are valuable in prognosis. For example, the present study shows that there can, in most cases, be a helpful differentiation between sera in cases of pulmonary tuberculosis, sarcoidosis, and carcinoma.
A number of studies have shown that an abnormal increase in lipoid occurs in the sera in certain diseases (3, 14) , and this increase is seen in the a and f8 globulin components, since the lipoid has been found usually to accompany these fractions. Less attention has been paid to another important colloidal constituent of the serum; namely, polysaccharide. While its concentration is very much less than that of the serum proteins, it is present in as high or higher concentration than glucose, and may increase as much as 100 per cent or more in some cases. Lustig and Langer (16) found increases in tuberculosis, carcinoma and pneumonia. Nilsson (15) and Blix, Tiselius and Svensson (14) also found an increase in cases of pneumonia. Friedmann and Sutliff (17) noted the presence of a substance in the serum in certain diseases, probably a polysaccharide, from which the pneumococcus is capable of forming large quantities of acid.
A preliminary report was published (18) showing that a progressive increase in serum polysaccharide parallels advance in the tuberculous process. It seemed of interest, therefore, to correlate this change with the changes observed by electrophoresis in the different protein components, and thus to determine Whether the increase in polysaccharide could account for any of these changes.
In this study, therefore, cases of relatively uncomplicated tuberculosis were carefully selected from the Henry Phipps Institute Clinic by one of 90 PROTEINS AND POLYSACCHARIDE IN PATHOLOGICAL SERA us on the basis of the clinical findings, and classified as to the stage of tuberculosis. Cases of Boeck's sarcoid which were strongly suspected on the basis of the clinical examinations, or proved by biopsy, were studied. Sera from patients with carcinoma were obtained, and also 6 cases each of diabetes and of diabetes complicated with tuberculosis. Normal adult and also fetal sera were studied. All these sera were analyzed for total protein, albumin, a,, a2, f8 and y globulins, glucose, polysaccharide, and also sedimentation rate (except the diabetics and carcinomas, which were not secured in our clinic).
METHODS

Clinical appraisal
The terms minimal, moderately advanced, and far advanced pulmonary tuberculosis are used at the Henry Phipps Institute in accordance with the definitions of the National Tuberculosis Association (19) . In by study of biopsy material. The diagnoses of the others were based upon the presence of extensive pulmonary fibrosis, usually with enlargement of the lymph nodes at the hilum or mediastinum, and upon the absence of significant symptoms or deterioration of health, particularly in relation to the extent and density of the pulmonary shadows roentgenologically. In these cases, repeated examinations of the sputum were negative for tubercle bacilli, and the reactions to standard doses of Purified Protein Derivative were generally slight or absent. In 6 cases there were skin lesions typical of sarcoid lesions. Three of these were confirmed by consultation elsewhere. X-ray examinations of the bones of the hands and feet were not routinely made.
The diagnoses on the cases of carcinoma and diabetes were confirmed in each case in the respective institutions from which they were received. The carcinoma cases included lesions of the lungs, colon, rectum, stomach, pancreas, liver, brain, temple, tongue, breast, uterus and cervix.
Diabetic cases were studied in order to determine whether a change in the polysaccharide content of serum may be associated with the disturbed carbohydrate metabolism of this disease.
No attempt was made to obtain fasting bloods, since it had previously (20) been shown that the polysaccharide content of the serum is almost independent of the state of metabolism. The bloods were taken, allowed to clot, and within several hours the sera were removed and placed in a freezing box which kept them just at the point of freezing until the analyses could be made. It was shown (20) that under these conditions no change occurs in the polysaccharide or glucose content of serum over long periods of time.
Sedimentation. A small sample of the blood, immediately after being drawn, was mixed with oxalate and used for the sedimentation test, according to the method of Cutler (21) , in the routine clinical laboratory of our institute.
Polysaccharide was determined by the carbazole reaction according to the procedure outlined recently (20) , using the glucose-galactose-mannose standard. In this study, the total polysaccharide of serum was determined, and from it the glucose concentration, determnined by the Somogyi (22) (25) . It is possible, therefore, that the extra a globulin resolved in this latter buffer may represent the same component included in the albumin fraction in the phosphate buffer,
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All the experiments in the present study were, therefore, carried out in barbiturate buffer (veronal) pH 8.5 to 8.6, =0.1, after the serum was dialyzed for several days against this buffer at 10 C. and then filtered and diluted 1: 2 with the same buffer.
In all determinations the same buffer concentration and pH and also the same protein concentration were used, since variation in these conditions leads to variation in the percentage of the different components (26, 27) . In these experiments the crossed-slit arrangement of Svensson (28) was used. All electrophoreses were continued for exactly 2 hours at about 8.1 to 8.8 volts per cm., during which time the components spread throughout most of the long type cell.
Earlier reports favored using only the descending pattern for measurements, since fewer boundary errors occurred on this side, as evidenced by the smaller e peak. The e peak represents a gradient due to buffer electrolyte alone, whereas the a boundary on the ascending side is due to concentration gradients of both buffer salts and proteins.
These boundary anomalies, the 8 and e effects, can be greatly reduced by reducing protein concentration and also by increasing the ionic strength of the buffer (29, 26, 27) . In fact, they can be so much reduced, when a total ionic strength of 0.2 to 0.25 is used, that Svensson now recommends using the patterns on both sides, and taking an average of the results for the corresponding components on the 2 sides.
However, in the present study, since an ionic strength of 0.1 was used, calculations were made only from the descending patterns. Since relative rather than absolute values are desired, any error due to this method of calculation would have no significant bearing on the conclusions drawn. No difficulties were encountered with P anomalies so frequently reported by many workers.
Diagrams were enlarged 5 times, and the areas due to the different .components were always resolved by the same individual into curves, as described by Pedersen (30) , and measured with a planimeter. Since the components are not always definitely resolved into isolated peaks, a certain amount of personal error enters into these resolutions, and Since it is impossible to include the actual analyses of all cases, because of the large number, an attempt has been made to give summarizing tables which will contain data to show for each type of case the mean, the standard deviation, the probable error, the range, and also the significance of the deviations from the normal means.
The method of calculating this significance is as follows.
The standard deviation (ar) = /, where d = the difference from the mean, and N = the number of cases studied.
Probable error (E) = 0.6745 a a, -a2 = the difference between the mean (a,)
of the normal group and that of the group under study (a,). Figures 2, 3 and 4 show the individual polysaccharide concentrations plotted respectively against the a2 globulin, y globulin, and albumin, since it was in these components that there proved to be significant variations. In all cases the dots represent normal sera, the triangles minimal, the circles moderately advanced, the black squares far advanced tuberculosis, and the crosses carcinoma.
In minimal active tuberculosis (tuberculosis 81) a decrease in the mean A/G ratio is significant, and this is obviously due to the increase in the y globulin, with a corresponding decrease in albumin. Therefore, the most significant change found in this early stage of the disease is the rise in the y globulin. As the disease progresses to the mod- erately advanced stage (tuberculosis 82), there appeared also a rise in the a, globulin and polysaccharide content. With far advanced disease (tuberculosis 83) all globulins, and especially a2, as well as polysaccharide content, increased with a corresponding decrease in albumin, even though the total protein changed only slightly.
In those cases of minimal tuberculosis classified as of questionable clinical significance (tuberculosis 84), no deviation from the normal was found.
In cases of moderately advanced tuberculosis of questioinable clinical significance (tuberculosis 85), the only significant change is a decrease in the albumin and the corresponding lowered A/G ratio. In sarcoidosis, a large increase occurred in the mean y globulin, and also in the ,S globulin, a 96 "', 'k PROTEINS ANID POLYSACCHARIDE IN PATHOLOGICAL SERA simultaneous decrease in albumin and consequently in the A/G ratio. There was also some increase in polysaccharide but by no means as much as found in cases of far advanced tuberculosis, which showed similar increases in the 'y globulin. The total protein also was always increased.
In only 4 of the 11 cases reported in this study was the diagnosis proved by biopsy. The others were strongly suspected to be sarcoidosis from the clinical data. While the number of cases is comparatively few, it is believed the conclusions are valid, since a previous group of sarcoid cases (6) yielded comparable results, and also Fisher and Davis (5) obtained similar results on a group of 12 cases of sarcoid, all of which were proved by biopsy.
Carcinoma sera showed, on the other hand, no increase in the mean y globulin. In fact, in the majority of cases, a very much flattened y peak (see Figure 1 ) occurred, which in further studies may be possibly resolved into a very small true y globulin, and another small component with mobility between the y and f8 globulins. Several sera, especially from those cases with metastases to the liver and a resulting jaundice, showed an abnormally high y globulin, and these brought the average y up to near the normal mean. The a, globulin, and also the polysaccharide content, in practically all cases were conspicuously increased and, of course, the albumin and A/G ratio were decreased. The total protein in most cases was reduced.
The series of diabetic cases is admittedly too small to permit reliable conclusions, but it is obvious that no great change occurred, except possibly in the f8 globulin. Since 5 out of the 6 cases showed a marked increase in this component, and since fat metabolism is known to be disturbed in diabetes, further study of this disease may yield helpful results.
The diabetics with advanced tuberculosis showed The data show a slight but significant rise in the mean y globulin component in early tuberculosis. Since antibodies for most diseases have been found in the y globulin fraction (34) , and, furthermore, since antibodies in tuberculosis have also been found in this fraction (35, 36) , it is reasonable to suspect that the rise in this component in the early stage of the disease process may represent an antibody reaction to the organism. It be tissue destruction, whereas in sarcoidosis, without tissue destruction, no comparable rise in a2 globulin occurs, and, also, the rise in polysaccharide is much less. In this latter case the increase that is found in the polysaccharide is probably due to the rise in 'y globulin which also does contain some polysaccharide, but possibly of a different nature.
As cases of tuberculosis tend to heal and are then viewed as of questionable clinical significance, there is a return to the normal serum picture. If the disease has been advanced, then a decrease in the albumin still persists. In other words, the albumin is the last component to return to normal, and this is especially significant in view of the fact that Zeldis and Alling (39) found the restoration of albumin to be slower than that of the other serum proteins following acute depletion by plasmapheresis.
It is of considerable importance that 3 diseases, which frequently are difficult to differentiate clinically or from the x-ray picture, namely, pulmonary tuberculosis, sarcoidosis, and carcinoma, present such different analytical pictures as here described. Such analyses could, therefore, be of considerable help in diagnosis.
SUMMARY
A statistically significant rise in the y globulin occurs in the serum in minimal active tuberculosis, with a corresponding decrease in albumin. In moderately advanced disease, the a2 globulin and polysaccharide content also increase. These changes are still further emphasized in far advanced tuberculosis, and all the globulins are also increased. The mean total protein, however, does not differ from the normal.
No deviation from the normal occurs in minimal tuberculosis of questionable clinical significance, except possibly in a slightly lowered A/G ratio. Moderately advanced tuberculosis of questionable clinical significance shows only a decrease in albumin, indicating that it is the last component to return to normal.
Sera from cases of sarcoidosis show an increase in total protein, a proportionately large increase in y globulin, and only a moderate increase in polysaccharide content.
In carcinoma there is a decrease in total protein, a large increase in a2 globulin and polysaccharide content.
Fetal sera show a low total protein and polysaccharide content and low globulins, except .y globulin, which is high. It is suggested that the increase in y globulin in minimal tuberculosis may indicate antibody formation, whereas the rise in a2 globulin and simultaneous rise in polysaccharide in advanced tuberculosis and carcinoma may represent tissue destruction. Fetal sera as well as sera in sarcoidosis are characterized by high y globulin.
Of protein fractions isolated from normal plasma, the a2 globulin has the highest polysaccharide content. The increases in this component in the diseases studied apparently account for most of the increase in the polysaccharide of the sera. Some increase may be due also to the increase in y globulin, as in sarcoidosis.
